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Functional characterization of chronic unilateral glomerulone-
phritis in the dog. Maintenance of appropriate balance between
glomerular and tubular function in the chronically diseased kid-
ney with primary interstitial involvement has provided the basis
for the intact nephron hypothesis. In order to determine if a
similar functional pattern exists in kidneys with primary gb-
merular disease, we developed a split-bladder dog model with
unilateral nephrotoxic nephritis, the contralateral kidney serving
as a control and maintaining a nonuremic environment. Base-
line diseased kidney (DK)/control kidney (CK) functional
indexes in ten dogs with pathologic changes of severe, chronic
unilateral glomerulonephritis were as follows: glomerular
filtration rate (GFR), 7.0/63 mI/mm; clearance of para-amino-
hippuric acid (CPAH), 30.1/228 mI/mm; filtration fraction, 25.2/
30.6% (P<0.05); and fractional excretion of sodium (FEN),
0.87/0.44% (P>0.05). Maximum tubular secretory capacity of
PAHJGFR and reabsorptive capacity of glucose per GFR were
equal for both kidneys despite morphologic evidence of
generalized glomerular involvement in the DK. In addition,
following removal of CK and evolution of uremia, DK function
underwent alterations qualitatively similar to those observed in
previous experimental models utilizing nonglomerular disease.
Thus, in the presence of experimentally induced glomerulone-
phritis, DK residual nephrons maintain the capacity to modulate
tubular function in relation to GFR in the nonazotemic state
and are capable of resetting this balance as an adaptation
directed toward maintaining homeostasis in the presence of
azotemia.
Caractérisation fonctionnelle du rein de chein atteint de
glomerulonephrite unilatérale expérimentale. Le maintien d'une
balance adequate entre les fonctions glomérulaires et tubulaires
du rein atteint de facon chronique de lesions interstitielles a
fourni Ia base de l'hypothèse du nãphron intact. Pour apprécier
l'existence de modalités fonctionnelles semblables dans les reins
atteints de lesions glomerulaires, nous avons développe chez be
chien un modèle de vessie divisée avec néphrite toxique uni-
latérale. Le rein controlatéral sert de contrôle et maintients un
environnement non urémique. Les valeurs basales du rapport
rein lésé (DK)/rein contrôle (CK) des paramétres fonctionnels
chez dix chiens atteints de glomerulonephrite chronique uni-
latérale avec modifications pathologiques importantes étaient:
GFR, 7,0/63 mI/mm; CPAH, 30,1/228 mI/mm; fraction filtrée,
25,2/30,6% (P<0,05); FENa, 0,87/0,44% (P>0,05). La capacité
maximale de secretion PAH/GFR et Ia capacité de reabsorption
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de glucose ramenée au debit de filtration glomérulaire étaient
égales dans les deux reins en dépit de Ia preuve morphobogique
de l'atteinte glomérulaire généralisée dans DK. De plus, après
l'ablation de CK Ct l'évolution de l'urémie, Ia fonction de DK a
subi des alterations qualitatives semblables a celles observées
dans les modéles precedents qui utilisaient des affections non
glomerulaires. Ainsi, en presence d'une gbomérulonéphrite
expérimentale, les néphrons résiduels de DK conservent Ia
capacité de moduler Ia fonction tubulaire en fonction du debit
de filtration glomerulaire au cours de l'état non azotémique Ct
sont capables de réajuster cette balance de facon adaptative
dirigee vers le maintien de l'homéostasie en presence de
l'uremie.
Animal models have been utilized extensively for
investigating immunologic mechanisms of glomerular
injury. However, relatively few studies have examined
the functional consequences of glomerular disease in
these models [1—4]. Such observations are of particular
relevance since the predominant cause of end-stage
renal failure in man is an immunologically mediated
glomerular lesion [5].
To date, the functional characteristics of the
chronically diseased kidney have been delineated
primarily in dog or rat models with experimentally
induced unilateral kidney disease initially involving
the interstitium rather than the glomerulus [61. The
presence of a contralateral intact kidney (CK) in these
models has allowed the diseased kidney (DK) to be
studied within a normal internal environment, the
simultaneously studied CK serving as an ideal control.
Following removal of the intact kidney, rapid develop-
ment of azotemia provided an opportunity to re-
examine the function of the DK under conditions
simulating those present in chronic bilateral renal
disease in man. The foregoing experimental design has
yielded an impressive body of knowledge which
presently serves as the conceptual basis for our
understanding of the functional organization of the
chronically diseased kidney in man [6].
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Development of a new experimental model in the
dog produced by induction of an excl.isively unilateral,
immunologically mediated glomerular lesion [7]
provides an opportunity to examine the validity of
applying the foregoing concepts to immunologically
mediated glomerular disease, the predominant cause of
chronic renal disease in man.
In the present studies, we have performed clearance
studies on ten split-bladder dogs with severe, chronic
unilateral glomerulonephritis, comparing the function
of the DK with that of the simultaneously studied CK.
DK glomeruli in this model demonstrate a wide range
of pathologic alterations involving most glomeruli.
Presumably, the consequence of this lesion would be an
equally heterogeneous glomerular filtration rate (GFR)
per nephron, similar to that reported by Rocha,
Marcondes and Malnic in rats with acute nephrotoxic
nephritis [3]. By contrast it may be assumed that neph-
rons within the contralateral intact kidney sustain a
uniform increase in GFR per nephron in view of the
severity of the DK lesion. Thus, this experimental
model provides the opportunity to compare the
functional profile of a kidney with a severe but variable
degree of glomerular disease involving nearly all
nephrons with that of a simultaneously studied intact
kidney whose nephrons have undergone a substantial
and relatively uniform increase in GFR. If auto-
regulation of glomerulotubular balance with the
requisite modulation of multiple tubular transport
systems can in fact be accomplished in the glomeru-
lonephritic kidney with generalized disease as well as
in the hypertrophied intact kidney, the ratio of tubular
reabsorptive and secretory function to GFR in DK
should be equal to that of CK.
In the present studies the foregoing indexes within
the severely diseased, glomerulonephritic kidneys were
similar to those of the contralateral, intact kidney.
Thus, DK residual nephrons maintain homogeneity of
glomerulotubular balance and integrity of function as
judged by a standard established by CK function.
Following removal of the intact kidney in six dogs, the
glomerulonephritic kidney underwent functional al-
terations which were qualitatively similar to those
previously observed when this maneuver was carried
out in models utilizing nonglomerular disease [8, 9].
Additionally, this glomerulonephritis model pro-
vided the opportunity to reexamine a unique functional
characteristic previously observed within the uni-
laterally diseased kidney afflicted with a nonglomerular
etiology of nephron reduction. Previous studies in dog
and man indicate that the unilaterally diseased kidney
responds to an acute, massive expansion of extra-
cellular fluid volume with an exaggerated natriuresis,
as opposed to a contralateral, simultaneously studied
normal kidney [101. When the present dogs with
unilateral glomerulonephritis were subjected to the
same volume expansion protocol, the diseased kidney
similarly manifested an exaggerated natriuresis.
Methods
Induction of glomerulonephritis. Nephrotoxic serum
(Masugi) nephritis was induced in one kidney of ten
mongrel bitches as described in detail elsewhere [71.
In summary, serum from a sheep sensitized to dog
glomerular basement membrane was injected into one
renal artery over a two-minute period. Simultaneously,
blood was slowly drained (approximately 400 ml in
20 mm) from a large catheter positioned in the
ipsilateral renal vein via the femoral vein and secured
so as to completely occlude the renal vein around the
catheter. The opposite renal artery was clamped
immediately prior to reinstituting normal renal
venous drainage from the experimental kidney, and
remained clamped for an additional 20 mm. This
maneuver provided equal ischemia times for both the
control and injected kidneys.1 After approximately
two months (range, three to nine weeks), both the
injected and control kidneys were biopsied to insure
unilaterality of disease. Prior to study, the dogs
underwent a bladder splitting operation with the
insertion of externally draining cystostomy tubes. This
permitted simultaneous urine collections from both
the injected and control kidneys.
Unanesthetized dogs were studied while standing in
a loosely supportive sling. A needle was inserted in a
front leg vein for infusing prime and sustaining solu-
tions, and in a hind leg vein for blood sampling.
Maximum concentrating ability (Umax) was con-
sidered to be the osmolality of urine obtained after
14 to 16 hr of water deprivation. GFR was measured
by the clearance of exogenously administered creati-
nine; renal plasma flow was estimated by the clearance
of para-aminohippuric acid (CPAH). At the start of
each study, all dogs received a priming dose of
creatinine and PAH followed by a sustaining solution
of either 3% mannitol at 0.25 mI/kg/mm (during
acute isotonic volume expansion studies) or 0.45
saline solution at 0.5 ml/kg/min (during studies of Tm
PAH and Tm glucose) containing creatinine and PAH
in concentrations sufficient to maintain the serum
creatinine concentration at 7 to 10 mg/l00 ml, and the
serum PAH concentration at 1 to 2 mg/l00 ml. A 45-
mm equilibration period was allowed prior to the
start of collection periods. Blood samples were drawn
1 J is recognized that the degree of ischemia produced by arterial
occlusion of the control kidney may differ from that induced by
manipulation of the experimental kidney.
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midway through each collection period. For Tm PAH
studies, blood was placed immediately in iced tubes,
centrifuged and plasma removed within 10 to 12 mm
from time of withdrawal.
Protocols. 1. Extracellular fluid (ECF) volume
expansion. Ten dogs were studied after overnight
deprivation of food and water. Three or four baseline
collection periods, a minimum of ten minutes each,
were obtained. The dogs were then volume-expanded
with isotonic saline solution, 75 mI/kg administered
i.v. over 15 mm. Three additional ten-minute collection
periods were obtained immediately following com-
pletion of volume expansion and results expressed as
the mean of these three periods.
2. Maximum tubular secretion of PAH (Tm PAH).
Four dogs were studied in the hydrated state but with
overnight food deprivation. Immediately prior to this
study the dogs received 50 ml/kg of tap water by naso-
gastric tube and 40 mI/kg of 0.45°/ saline solution i.v.
over 20 mm. After a 45-mm equilibration period three
or four 10-mm baseline collection periods were
obtained. Upon completion of baseline collections,
the dogs received a priming dose of 20% PAH solution
calculated to raise the serum PAH concentration to
30 to 40 mg/100 ml. Additional PAH was added to the
sustaining solution to maintain the concentration at
that level. Following another 35-mm equilibration
period, four 10-mm collection periods were obtained
and results expressed as the mean of these four
periods.
3. Maximum tubular reabsorption of glucose (Tm
glucose). Three dogs were studied in the hydrated
state but with overnight food deprivation. Prior to the
start of the study, a catheter was inserted into a
femoral artery under local anesthesia to obtain arterial
blood for glucose determinations. The dogs received a
loading dose of 18% glucose calculated to raise the
serum glucose concentration to 500 to 700 mg/l00 ml,
and glucose was added to the sustaining solution to
maintain it at that level. After a 45-mm equilibration
period four 10- to 20-mm collection periods were
obtained and results expressed as the mean of these
four periods.
Analyses. Creatinine and PAH concentrations were
determined by automated techniques using an auto-
analyzer (Technicon). Sodium and potassium were
measured on an emission flame photometer (Instru-
mentation Laboratories) and urine osmolality on an
Table 1. Baseline functional data for ten dogs with unilateral glomerulonephritis and results after acute isotonic saline volume expansion
in the same dogsa
Dog GFR
mi/mm
DK CK
CPAH
mi/mm
DK CK
Filtration C20/GFR FEN
fraction
%
DK CK DK CK DK CK
FEK
%
DK CK
mOsm/kg
DK CK
Baseline functional data
BW 10.0 86 54 465 18.8 18.6 —0.50 —0.80 1.29 0.14 37.8 23.6 924 2163
Z 6.4 54 16 108 39.5 49.6 —2.85 —3.20 0.59 0.54 26.3 23.2 1080 1959
E 9.7 54 43 185 22.3 29.2 —4.01 —1.92 1.10 1.18 18.8 16.2 1360 1911
M 8.6 57 35 235 24.5 24.5 4.90 0.83 0.10 0.01 7.39 7.70 942 1971
C 1.5 81 5.9 311 26.3 26.2 0.32 —1.09 1.80 0.58 14.7 13.6 679 1836
H 1.2 61 6.2 268 19.3 22.8 —1.77 —2.37 0.68 0.06 7.48 9.42 513 1680
MO 2.6 55 9.8 203 26.5 26.9 —1.63 —2.88 0.42 0.02 5.14 11.5 382 1836
W 3.2 66 10 197 30.6 33.5 —0.94 —1.29 0.28 0.01 4.49 4.27 496 1460
57 10.4 57 56 138 18.7 41.6 0.04 0.06 0.48 1.10 21.5 17.1 792 2246
75 16.5 57 65 172 25.8 33.3 0.05 0.05 1.97 0.77 24.3 23.4 562 1638
Mean 7.0 63 30.1 228 25.2 30.6 —0.64 —1.26 0.87 0.44 16.8 15.0 773 1870
SEM 1.6 3.7 7.3 32 2.0 2.9 0.75 0.42 0.2 0.15 3.5 2.2 97 75
2Pvalue <0.05 >0.2 >0.05 >0.3
Results after acute isotonic saline volume expansionb
Mean 8.2 60 33.8 236 28.7 27.8 5.66 2.99 7.36 3.23 42.4 31.6
5EM 2.0 4 9.1 37 2.7 2.5 1.5 1,2 0.8 0.38 3.9 2.8
%3 13.6 —4.5 3.5 6.3
Absolute 3.5 —2.8 6.30 4.84 6.49 2.79 25.6 16.6
2Pvalue <0.01 >0.7 <0,005 <0,02 <0.001 <0.01
DK = diseased kidney, CK = control kidney, CPAH = clearance of para-aminohippuric acid, Filtration fraction = GFR/CFAI, x 100,
FE = fractional excretion of sodium, FEK = fractional excretion of potassium, °/ = percent change (after expansion —baseline!
baselinex 100), Absolute =results after expansion—baseline, C,20/GFR=(urine flow rate—Com/GFR) where Cosm is the
osmolal clearance, Umsx maximum urine osmolality.b Values are the mean of three ten-minute periods after rapid extracellular volume expansion.
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osmometer (Advanced) by freezing point depression.
Arterial serum glucose and urinary glucose concen-
trations were determined by the hexokinase reaction
(Eska Lab).
Statistics and terminology. The significance of the
difference of means (paired samples) was obtained
using Student's t test. Two-tailed P values are used
throughout. SEM was used as an index of dispersion.
Stage 2 refers to a dog model with one damaged kidney
(DK) and one control kidney (CK). Stage 3 refers to a
dog model with only the DK following removal of the
CK.
Results
Baseline functional data and response to extracellular
fluid volume expansion (Table 1). Mean baseline GFR
for ten dogs was 7.0 mI/mm (range, 1.2 to 16.5 ml/
mm) for the DK, and 64 mI/mm (range, 54 to 86 ml!
mm) for the CK. Acute ECF volume expansion with
isotonic saline increased the mean GFR in the DK to
8.2 mi/mm while the GFR in the CK remained stable
at 60 mi/mm. Although the increase in GFR in the
DK was not statistically greater than baseline (F>
0.5), the increase compared to the change in CK GFR
was significant (P<0.0l). Mean baseline CPAH was
30.1 and 228 mi/mm for the DK and CK, respectively.
The CPAH for neither kidney was essentially altered
with volume expansion, the DK increasing to 33.8
mi/mm (F> 0.3) and the CK increasing to 236 mi/mm
(P>0.6). The baseline filtration fractions (FF) of 25%
for the DK and 30.6% for the CK were statistically
different, P <0.05. Volume expansion reversed the
absolute values for the FF with the DK increasing to
28.7%, and the CK decreasing to 27.8%. Although the
change in each kidney compared to baseline was not
significantly different, the change compared to each
other was significant at the 0.05 level. Of primary
interest is the handling of sodium by the chronic
glomerulonephritic kidney. Baseline fractional excre-
tion of sodium (FENa) was slightly but not significantly
greater in the DK than in the CK, 0.87°/ vs. 0.44°/
(P>0.05). However, acute volume expansion exag-
gerated this difference, the FENft of the DK increasing
to 7.36%, an absolute change of 6.49% while CK
increased to 3.23%, an absolute change of only
2.79%. This difference in increment of FENa between
the DK and CK as a result of volume expansion was
highly significant (P <0.001).
Maximum tubular secretion of FAH (Table 2). Tm
PAH was assessed in four of the foregoing ten dogs on
a different day. The mean maximum tubular secretion
of PAH was markedly lower in the DK than in the CK,
1.225 vs. 8.89 mg/mm. However, when factored by
GFR to correct for the reduced filtration in the DK,
the mean Tm PAH per GFR values of 18.9 mg/100 ml
for the DK and 19.7 mg/lOO ml for the CK were
similar (P>0.2). The GFR used for these calculations
was that obtained during the actual period of measure-
ment of Tm PAH. This is of note, for elevated blood
PAH concentrations were associated with a decrease
in GFR, at least as measured by creatinine clearance.
However, the percent change as compared to baseline
for both kidneys was similar, —18.5% for the DK and
—20.1% for the CK.
Maximum tubular reabsorption of glucose (Table 3).
Three of the foregoing four dogs were given a glucose
load to compare maximum tubular reabsorptive
capacity between the DK and CK. The DK GFR was
2.3 vs. 57.4 mi/mm for the CK. The maximum re-
Table 2. Maximum tubular secretion of PAH (Tm PAH)0
Dog
DK
GFR
mi/mm
CK
CFAH
mI/mm
DK CK
Filtration fraction
%
DK CK
FENO
%
DK CK
Tm PAH
mg/mm
DK CK
Tm PAH/GFR
mg/lOOm!
DK CK
Baseline H 1.4
MO 3.7
W 2.6
75 39.1
50.9
60.6
73.0
60.3
8.1 292
12.1 200
8.5 244
149 168
44.4 226
17.6
30.6
30.7
26.1
26.3
17.5
30.6
30.1
35.8
28.5
0.62 0.08
0.64 0.19
0.81 0.18
0.65 0.48
0.68 0.23Mean 11.7 61.2
After PAH H 0.98
MO 3.0
W 2.9
75 31.2
38.2
48.6
64.1
45.6
1.22 0.73
1.53 1.21
1.04 1.44
1.37 1.82
1.29 1.30
0.360 14.72
0.493 7.86
0.287 7.40
3.76 5.59
1.225 8.89
36.7 38.5
16.7 16.2
10.1 11.9
12.1 12.3
18.9 19.7Mean 9.5 49.1
0 After PAH = results of four ten-minute periods following supplemental administration of PAH; other abbreviations are the same as in
Table 1.
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Table 3. Maximum tubular reabsorption of glucose (Tm glucose)0
Dog G
ml!
DK
FR
mm
CK
CPAII
mi/mm
DK CK
Tm glucose
mg/mhz
DK CK
Tm glucose/GFR
mg/mi
DK CK
FE glucose
%
DK CK
H 1.5 61.7 6.5 313 6.6 279 4.4 4.5 32.1 30.4
MO 2.6 56.4 10.0 190 9.1 203 3.6 3.6 35.6 35.2
W 2.7 54.1 10.4 211 10.3 187 3.8 3.5 31.3 37.8
Mean 2.3 57.4 9.0 238 8.7 223 3.9 3.9 33.0 34.5
FE glucose=fractional excretion of glucose; for explanations of other abbreviations, see Table 1.
Table 4. Comparison of functional indexes for the glomerulonephritic kidney in the presence of a control kidney (stage 2), after control
kidney nephrectomy (stage 3) and following acute isotonic volume expansion (YE) in stage 3
Stage
Dog Days Weight
kg
2 3
Cr/BUN
mg/100 ml
3
GFR
mi/mm
C?AH
mi/mm
FENO
%
Before YE After VE Before YE After YE Before YE After VE
2 3 3 2 3 3 2 3 3
Z
M
C
W
MO
75
3
6
2
4
3
3
18.6
15.7
20.9
17.0
16.0
17.0
17.7
13.6
20.9
15.8
15.7
16.2
8.0/101
4.1/70
7.6/144
9.1/153
6.1/150
3.3/108
4.7 4.9 6.2
8.8 11.3 10.5
1.5 1.2 1.5
2.6 2.0 2.5
2.7 3.9 5.5
16.5 21.2 21.4
17.2 22.6 21.8
39.7 66.0 64.5
5.9 4.8 5.2
10.0 9.3 8.9
10.4 17.8 22.0
64.9 74.3 64.7
2.2 2.0
0.31 0.36
1.8 8.8
0.46 12.3
0.48 8.6
1.97 1.57
16.9
4.2
18.6
21.5
18.6
14.0
Mean 3.5 17.5 16.7 6.4/121 6.1 7.4 7.9 24.7 32.5 31.2 1.20 5.6 15.4
Cr=creatinine, BUN=blood urea nitrogen, YE=extracellular fluid volume expansion; other abbreviations as in Table 1.
b Days from control kidney nephr ctomy to time of study.
absorption of glucose per mm for the DK was 8.7
mg/mm vs. 223 mg/mm for the CK. When factored by
GFR, the mean values for Tm glucose/GFR are
identical, 3.9 mg/mI for the DK and 3.9 mg/mI for the
CK.
Stage 3 studies (Table 4). To ascertain functional
adaptations that occur in remaining nephrons of the
chronic glomerulonephritic kidney when exposed to an
uremic environment, six of the ten dogs studied in
stage 2 underwent CK nephrectomy at periods
ranging from 50 to 105 days after induction of disease.
When studied two to six days after nephrectomy, the
mean serum creatinine concentration was 6.4 mg/lOO
ml and blood urea nitrogen (BUN) value, 121 mg/
100 ml. The mean GFR of 6.1 mI/mm represented
a 10.4% increase over the value obtained in the
same kidneys the day of, or the day preceding,
nephrectomy. Since the GFR increased in only four of
six dogs, this change was not statistically significant.
Mean baseline FENa for the DK was 1.2% in stage 2
and 5.6% in stage 3. However, in three of these dogs
baseline FENa for the DK was markedly greater in
stage 3 than 2 while in the remaining three dogs the
DK FENa was approximately equal in both stages. It is
significant in this regard that these dogs were not force-
fed in stage 3 and, thus, were not on the same salt
intake in both stages. Because of the severity of
uremia, the stage 3 dogs ate poorly and several experi-
enced vomiting and diarrhea. Acute isotonic saline
intravascular volume expansion (utilizi9g the same
protocol as in the first group of experiments) in-
creased the GFR in five of six dogs, the mean increas-
ing from 6.1 to 7.4 mI/mm. The mean FENa increased
markedly from 5.6 to l5.4.
Discussion
The intact nephron hypothesis states that residual
nephrons of the chronically diseased kidney function
in an orderly, predictable fashion in response to the
needs of the organism [6]. In the original exposition of
the hypothesis and its subsequent revision [Ill,
Bricker emphasized, "If glomerular or tubular
functions are impaired in individual nephrons due to
structural damage, there will be simultaneous and
proportional changes in other functional systems in
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the same nephrons." Although brief reference was
made to studies on animals with nephrotoxic and
aminonucleoside nephritis, this concept was derived
primarily from studies on animals with unilateral
interstitial disease. Tn this setting, it is possible that the
majority of those nephrons remaining in the functional
population either were morphologically intact or had
not undergone severe damage as suggested by the
normal or hypertrophied GFR per nephron in the
diseased pyelonephritic kidney [11—13].
In the present model, almost all glomeruli within
the diseased kidney were pathologically altered to
varying degrees; thus, the GFR per nephron, although
not measured directly, was probably heterogeneous as
well. Rocha et al found this to be true in micropunc-
ture studies of rats with acute nephrotoxic nephritis
[3]. Furthermore, the GFR per nephron in the intact
CK increases with induction of disease in the contra-
lateral DK. Thus, the studies described herein provide
an additional test of the concept that, in spite of vary-
ing degrees of structural damage, the surviving
nephrons in the chronically diseased kidney are
capable of maintaining glomerulotubular balance.
Our data indicate that under baseline conditions,
glomerular and tubular functions for both the
glomerulonephritic and intact kidneys are proportional
and equal. Baseline fractional excretion of sodium by
the DK is slightly but not significantly greater than
CK, demonstrating that the chronic GN kidney han-
dles sodium appropriately. Tubular preponderance
with sodium retention by nephrons with primary glom-
erular injury, a condition seen in patients with acute
poststreptococcal glomerulonephritis and some animal
models [4], was not present in these kidneys with
severe unilateral chronic disease. Maximum tubular
secretory and reabsorptive capacity as measured by
Tm PAH and Tm glucose per GFR were identical for
the diseased and intact kidney, providing further
evidence that the individual glomerulus and its tubule
function in concert, each modulated according to the
functional capacity of the other. Not unexpectedly,
CPAH factored by GFR was greater in the DK than
CK. This was similarly observed in the DK of the
unilateral pyelonephritic dog model [101. Interpreta-
tion of the larger, but not significantly greater, nega-
tive free water clearance by the CK is complicated by
the difference in medullary osmolalities indirectly
inferred from the Umax data in the paired kidneys.
These data are also similar to those seen in the uni-
lateral pyelonephritic dog model [10].
Recent studies have demonstrated that extracellular
fluid volume expansion exaggerates the minimal base-
line difference in glomerulotubular balance for sodium
between a diseased pyelonephritic or remnant kidney
and a contralateral control kidney [10]. Since this
exaggerated natriuresis occurs in the present model
with unilateral glomerulonephritis, we interpret this
phenomenon as a probable consequence of gross
anatomical alteration within the kidney interstitium
rather than being secondary to structural damage of
either tubules or glomeruli per Se. In this setting altera-
tions in Starling forces induced by ECF volume ex-
pansion could be magnified. It is conceivable that the
small amount of immunoglobulin deposited on the CK
in most animals [7], even without obvious light micro-
scopic abnormalities, might be indicative of glomerular
basement membrane changes which could account for
sodium retention by the CK and a decreased natriuretic
response to volume expansion. However, comparison
of CK data in this model to CK data derived from the
previously described model with unilateral pyelone-
phritis as reported by Gutmann and Rieselbach [10]
reveals no difference in baseline functional indexes or
response to ECF volume expansion, except for the
limited change in GFR and CPAII with volume expan-
sion in the present studies.
Preliminary data from our laboratory indicate that
dogs with mild bilateral nephrotoxic nephritis have a
decreased natriuresis in response to ECF volume
expansion; similar data have been reported in rats by
Godon [4]. This suggests an apparent discrepancy in
the response to ECF volume expansion between ani-
mal models with bilateral and unilateral glomerulone-
phritis. However, several important differences exist
between the diseased kidney in dogs used in the present
studies and Godon's rat model, the most significant
being the extent of kidney damage. Injury is reported
to be limited to glomeruli in Godon's rats while in the
DK of the present model there was considerable inter-
stitial in addition to glomerular injury [7]. Thus,
intrinsic interstitial damage in DK with resultant
hemodynamic perturbations could explain the exag-
gerated natriuresis in response to volume expansion in
both this model and animals with pyelonephritis.
Studies were carried out following removal of CK in
order to ascertain if nephrons with primary glomerular
injury undergo functional hypertrophy in response to
an acute reduction in nephron population similar to
that observed in models with pyelonephritis [7, 9].
Interpretation of the data from these studies, which is
quite variable, is complicated by the fact that these
animals were not on the same sodium intake before
and after nephrectomy. In the presence of severe
uremia, with BUN's ranging from 70 to 153, many of
the dogs suffered from vomiting or diarrhea, or both.
Consequently, they were in varying degrees of hydra-
tion and sodium balance when the studies were per-
formed in stage 3. After CK nephrectomy, the GFR
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increased in only four of six dogs. Failure to increase
in the other two might be explained by intravascular
volume depletion or progression of the glomerulone-
phritis. However, even in the unilateral remnant model,
Schultze, Shapiro and Bricker found the GFR to
increase in only approximately three-fourths of their
dogs following CK nephrectomy [9]. Volume expan-
sion further increased the GFR in the DK in five of
six of our stage 3 animals, including the two in which
it had not increased following CK nephrectomy. The
change in fractional excretion of sodium by DK after
CK nephrectomy also was quite variable with the
three dogs with GFR's from 1 to 3 mI/mm manifesting
a marked increase, while the remaining three with
GFR's from 4.7 to 16.5 remained approximately the
same. All dogs had a substantial natriuretic response
to ECF volume expansion following CK nephrectomy.
These data indicate that some of the severely diseased
glomerulonephritic kidneys in uremic dogs are able to
undergo functional hypertrophy following an acute
reduction in nephron population, similar, but not to
the same degree, as observed in dog models with a
pyelonephritic or remnant kidney [8, 9].
In summary, the present studies performed on dogs
with unilateral chronic glomerulonephritis, provide an
additional test of the intact nephron hypothesis and
appear to establish its relevancy to the predominant
form of human disease. The glomerulonephritic
kidneys studied herein display functional characteris-
tics which are similar to kidneys with primary inter-
stitial disease. Both are able to conserve sodium
efficiently in the absence of volume expansion and
both have maximum secretory and reabsorptive
capacities similar to nephrons with a contralateral
intact kidney. Furthermore, when undergoing vigor-
ous ECF volume expansion, the glomerulonepliritic
kidney behaves as does its pyelonephritic counter-
part, exhibiting an exaggerated natriuresis as compared
to a contralateral intact kidney.
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